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Abstract
tissue  infections  or  skin,  skin  structure,  and  deep
seated soft tissue infections are general terms for in-
fections of the entire skin layer including the subcuta-
neous and muscle tissue layers and their respective fas-
cia structures. Infections of the different mediastinal
fascias (mediastinitis) and retroperitoneal fascia infec-
tions also belong to this category. due to the variabili-
ty of their clinical presentation, skin and soft tissue in-
fections can be classified according to different fea-
tures. the following aspects can be used for classifica-
tion:
- anatomical structures
- pathogens 
- necessity for urgent treatment
- extent of infection 
the incidence of skin and soft tissue infections in
which MRSa (methicillin-resistent Staphylococcus  au-
reus) is involved has been steadily increasing over the
past 15 years. these wounds should be treated accord-
ing to the same open treatment principles as other in-
fected wounds. Since these infections are often super-
ficial contaminations, antibiotic therapy is not indicat-
ed.  If  systemic  infection  occurs  in  form  of  MRSa
sepsis, antibiotic therapy is indicated. 
Several recent reports identified MRSa as the lead-
ing pathogen in SStIs. It also causes 20% to 50% of
diabetes-associated foot infections in several countries
and  is  associated  with  worse  outcomes  than  other
pathogens.
IntRoduCtIon
anatoMICal ClaSSIfICatIon
Infection  of  the  following  anatomical  structures  is
possible:
- Skin  (bacteria,  viruses,  yeasts,  dermatophytes  and
parasites)
- Subcutaneous tissue (e.g. nosocomial subcutaneous
infections).  the  multilayer  infection  of  skin  and
subcutaneous tissue is defined as cellulitis.
-  deep connective tissue layers (fasciitis)
- Muscle,  e.g.  Streptococcus  myositis;  myonecrosis
from gas gangrene
ClaSSIfICatIon aCCoRdIng to PatHogEn
Specific pathogens cause certain diseases:
- for  example  Herpes  viruses,  such  as  the  herpes
simplex virus types I and II (diseases: orolabial her-
pes, genital herpes, eczema herpeticum)
- Papilloma viruses (diseases: warts/condylomata) 
- e.g.  yeast  infections  with  Candida  spp.  (diseases:
thrush, tinea)
- Clostridium  perfringens: myonecrosis, so-called gas
gangrene
ClaSSIfICatIon aCCoRdIng to uRgEnCy foR
tREatMEnt
the british microbiologist kingston developed a ther-
apeutically relevant classification in 1990 for surgical
patients, which is based on the urgency for a surgical
intervention (see kingston and Seal 1990).
ClaSSIfICatIon aCCoRdIng to tHE ExtEnt of
InfECtIon (CSStI)
the term „complicated skin and skin structure infec-
tions“ developed as a result of multinational pharma-
ceutical trials by the american food and drug admin-
istration (fda). Such infections are defined according
to the following criteria:
1. advanced infection which requires an extensive
surgical intervention (e.g. debridement) on devitalized
tissue,  abscess  drainage,  removal  of  foreign  bodies
that facilitate infection or operative fascia incision.
2. the infection process shows evidence of deeper
soft tissue, fascia or muscle involvement.
3.  Severe  concomitant  systemic  and/or  localized
disease is present that prevents an adequate response
to therapy. these include, amongst others: 
- diabetes mellitus
- bacteremia
- cellulitis that involves more than 3% of the body
surface area
- steroid  therapy  (>  7.5  mg  per  day  prednisolone
equivalent)
Eur J Med Res (2010) 15: 544-553 ﾩ I. Holzapfel Publishers 2010
CoMPlICatEd SkIn, SkIn StRuCtuRE and Soft tISSuE InfECtIonS –
aRE WE tHREatEnEd by MultI-RESIStant PatHogEnS?
P. kujath1, C. kujath2
1university of Schleswig-Holstein, l￼beck Campus, department of Surgery (Head of department: Prof. dr. med. H.-P. bruch),
l￼beck, germany
2university of greifswald, department of Pediatric Surgery (Clinical director: Prof. dr. med. W. barthlen), 
greifswald, germany
5 Kujath##_Umbruchvorlage  23.11.10  11:51  Seite 544- neutropenia (granulocytes < 500/mm3)
- liver cirrhosis (Child classification b or C)
- burns (> 10 % body surface area)
- radiation therapy (local or systemic) 
- history of alcoholism (> 6 months)
- organ transplant recipient
- malnutrition
- immunosuppressive therapy
In  order  to  determine  the  severity  of  infection, 
it  is  important  to  distinguish  between  limited  and 
diffuse,  spreading  infection.  It  is  also  important  to 
determine whether the infection occurred in the hos-
pital (nosocomial) or in an outpatient setting. Methi-
cillin  -  resistent  Staphylococcus  aureus (MRSa)
emerged in the 1960s as a cause of infection among
patients  exposed  to  the  bacteria  in  health  care 
settings.  More  recently  in  the  united  States  MRSa 
infections  have  been  reported  among  persons 
without  such  exposure  (community  –  acquired 
MRSa) with an incidence ranging from 15 to 74 per-
cent (Moran 2006). In most European countries the
incidence  of  community-  acquired  MRSa  is  below 
5 %.
dEEP SEatEd SubCutanEouS tISSuE InfECtIonS
the  term  subcutaneous  tissue  infection  is  a  general
term for several different disease processes. these in-
clude:
1. subcutaneous abscesses (furuncle/carbuncle)
2. paronychia
3. acne inversa
4. anal abscess
5. iatrogenic  injection  abscesses,  inguinal  injection
abscesses in intravenous drug abusers (IVda)
6. surgical site infections
7. self-inflicted injury
8. diabetic foot syndrome 
9. necrotizing fasciitis types I/II
10. clostridial myonecrosis
11. scalp phlegmon / orbital phlegmon
12. pressure ulcer
13. skin/soft tissue infections with MRSa
14. radiation damage
15. Erysipelas, cellulitis (Phlegmone)
EtIology
Subcutaneous tissue infections develop mostly via mi-
crobial invasion when the skin’s barrier function is no
longer intact. Pathogens can enter the skin in areas of
local  trauma,  abrasions  or  psoriatic,  eczematous  or
tineal  lesions.  the  extent  of  destruction  can  vary
greatly.  Rarely,  such  infections  can  result  from  g.I.
tract fistulas, hematogen, or iatrogen.
EPIdEMIology
tissue infections occur at any age and both men and
women are affected. Skin and soft tissue infections are
very common. they account for 5-10% of the patient
collective in surgical clinics (kujath 1999).
approximately 2/3 of patients have a severe sys-
temic  disease  associated  with  immunosuppression
(malnutrition, s./p. transplantation, steroid therapy, di-
abetes mellitus).
RESIStant PatHogEnS
Resistent pathogens occur infrequently (lipsky 2005).
nevertheless  antibiotic  –  resistant  strains  of  patho-
genic  bacteria  are  increasingly  prevalent  in  hospitals
and in the community. three classes of antibiotic – re-
sistant  pathogens  are  emerging  as  major  threats  to
public health (fischbach 2009). 
first  Methicillin  resistant  Staphylococcus  aureus
(MRSa) is estimated to cause 19.000 deaths per year in
the  united  States  (klevens  2007).  apart  from  their
high mortality rate MRSa infections lead to an esti-
mated 4 billions uS - dollar of additional costs per
year. furthermore, the rising prevalence of MRSa in-
creases the likelihood that vancomycin – resistant S.
aureus (VRSa) will become a new scourge in hospi-
tals. 
Pathogens from the second class, multidrug resis-
tant (MdR) and pandrug – resistant (Pd) gram nega-
tive bacteria, are less prevalent than MRSa, but they
pose the severe threat of infections that are truly un-
treatable.  these  strains  of  acinetobacter  baumanii,
Escherichia  coli,  klebsiella  pneumoniae,  and
Pseudomonas aeruginosa are resistant to some (MdR)
or all (PdR) of the antibiotic classes commonly used
to  treat  gram  negative  bacteria:  penicillins,  cephalo  -
sporins,  carbapenems,  monobactams,  quinolons,
aminoglycosides, tetracyclins and polymyxins (falagas
2005).
the  third  class  comprises  MdR  and  extensively
drug resistant (xdR) strains of Mycobacterium tuber-
culosis,  which  are  a  rising  threat  in  the  developing
world.
as a result of the increasing problem of resistant
pathogens it is necessary to take a wound culture for
microbiological identification.
tHE dISEaSES
fuRunClE
furuncles develop from hair folliculitis. furuncles dif-
fer from folliculitis in that the purulent softening and
dissolution are more pronounced. Predominant patho  -
gens are Staphyloccus aureus, rarely Pseudo  monas aerug  -
i  nosa (Whirlpool dermatitis).
treatment includes drainage (e.g. after incision) of
the purulent mass. In patients without underlying im-
munosuppressive disease antibiotic therapy is not indi-
cated. 
CaRbunClES
Clusters of folliculitis foci are called carbuncles. Infec-
tion spreads throughout the subcutaneous tissue and
leads to severe clinical symptoms. Pathogens include
Staphylococcus aureus (Pseudomonas aeruginosa) as well
as Corynebaterium acnes. treatment consists of surgi-
cal incision. antibiotics are only indicated in case of
systemic acne treatment. 
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Definition: abscess on a thumb, finger or toe develop-
ing at the base of a nail.
this type of localized cellulitis is usually the result
of minor scratch and puncture wounds (e.g. from gar-
den work).
SyMPtoMS
the cardinal signs of inflammation are present in the
finger (dolor, rubor, calor, tumor and functio laesa).
Complications  of  paronychia  are  tendovaginitis,  os-
teoarthritis and osteitis. as a result of the anatomical
connective tissue structure of the fingers and thumb,
the infection-induced swelling can inhibit circulation
and even cause appendage death. Commmon patho  -
gens  include  Staphylococcus  aureus (60  %),  group  a
Streptococci, and -depending on the mechanism of in-
jury- gram negative pathogens such as E. coli, Enter-
obacter cloace and Pseudomonas aeruginosa. 
tHERaPy
Immediate incision, drainage and immobilization. Sup-
portive antiinfective therapy is recommended with a
second-generation  oral  cephalosporin  or  an
aminopenicillin combined with a ʲ-lactamase inhibitor
or clindamycin.
aCnE InVERSa
Synonyms: dermatitis follicularis et perifollicularis con-
globata, pyodermia fistulans significa and hidadrenitis
suppurativa. 
acne inversa is a special form of acute and chronic
inflammation  of  sebaceous  and  apocrine  glands,
which causes follicular occlusion (Slade 2003). 
SyMPtoMS
the  infection  spreads  throughout  the  subcutaneous
tissue  but  does  not  penetrate  the  muscle  fascia.
Predilection sites include the axilla, the medial surface
of the thighs and the perineal and gluteal regions. the
infection often occurs in the sagittal axis (sweat gland
zones, front and back). Even pilonidal sinus is classi-
fied as a form of acne inversa. 
the disease presents with abscess formations filled
with pus. Persistent lesions lead to scarring and forma-
tion of sinus tracts. the skin is hyperpigmented. the
accompanying smell is often unpleasant.
tHERaPy
the method of choice is a complete excision of in-
fected tissue, i.e. a radical excision of affected skin
and subcutaneous tissue. the infection does not in-
volve the fasciae of the underlying muscle. the indi-
cation for surgery depends on the patient’s subjective
level of suffering. after surgical excision, skin defects
can be covered with skin flap or mesh graft transplan-
tations.  long-term  therapy  should  include  retinoid
treatment. 
Staphylococcus  aureus is predominant in the initial
phase  of  the  disease.  Streptococcus  milleri,  bac-
teroides fragilis, and b. melaninogenicus are also fre-
quently  isolated.  In  the  later  course  resistant
pathogens (MRSa, ESbl) are identified more often.
antibiotics have been shown to be ineffective (bre-
uninger 2001).
ClInICal CouRSE
as a result of the extremely high risk of recurrence,
patients often undergo several incisions, which result
in disfiguring scar tissue. Persisting infection can lead
to complete destruction of the diseased tissue, e.g. in
the anogenital region. (fig. 1)
IatRogEnIC InJECtIon abSCESS
dEfInItIon
Iatrogenic  abscesses  occur  via  microbial  contamina-
tion during the application of intramuscular injections.
the incidence is 1:10,000 with the use of disposable
syringes and needles. Repeated injections with a mix-
ture of nSaR and cortisone increase the risk of ab-
scess development.
dIagnoSIS and tREatMEnt
If  the  infection  is  located  deep  within  the  muscle, 
the symptoms are often masked. an increase in in-
flammatory markers coupled with a diffuse pressure
sensation  are  often  the  only  signs  of  infection.  In 
patients  with  this  combination  of  symptoms  who
have received i.m. injections, ultrasound and/or Ct
scans are indicated in order to localize the infection.
localized  abscesses  can  be  treated  via  ultrasound-
guided drainage; otherwise, surgical abscess treatment
including  local  debridement,  lavage  and  drainage
should  be  performed.  antibiotic  treatment  should
only be initiated if inflammatory markers are elevated
(CRP > 50 mg/l, WbC > 10,000/nl, temperature >
38.5 ﾰC).
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Fig. 1. Severe perianal acne inversa (hidradenitis suppurati-
va). this disease may lead to incontinence without surgical
intervention with sanitation of the perianal region.
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dRug abuSERS
a special form of infectious needle abscess occurs in
intravenous drug abusers (IVda). as a result of the
immediate access offered by the inguinal vessels, these
are the first choice for IVda. (fig. 2) the high conta-
mination of the inguinal region facilitates the forma-
tion of localized abscesses, cellulitis, and destruction of
the  large  vessels  (common  femoral  artery  and  vein).
Possible infectious complications are (Mackenzie 2000):
1. septic venous thrombosis with infected thrombi in
the legs/pelvic region
2. destruction  of  the  common  femoral  artery
(pseudoaneurysm)
3. retrovascular abscess formation extending into the
retroperitoneum
4. systemic infection leading to endocarditis, meningi-
tis and sepsis
Predisposing factors for the spreading of infection
are  malnutrition,  concomitant  alcoholism  and  other
diseases such as hepatitis C or HIV and sometimes tu-
berculosis. (Markowitz 1997).
dIagnoSIS
- Ct for retrovascular abscesses and retroperitoneal
involvement 
- duplex sonography on the femoral artery and vein
- Hepatitis and HIV serological studies
Microbiologic  studies  reveal  gram  positive,  gram
negative and anaerobic pathogens. Most cases are due
to polymicrobial infections (Hendriksen 1994).
tHERaPy
Surgical treatment includes source control of the in-
fectious focus with abscess drainage and debridement
of necrotic tissue. In case of septic venous thrombo-
sis, it should be treated by thrombectomy. arterial ves-
sel destruction requires replacement by venous grafts.
Calculated  antimicrobial  therapy  should  be  initiated
primarily with an acylureidopenicillin combined with a
ʲ-lactamase inhibitor; after microbiological identifica-
tion of the pathogen, therapy should be changed ac-
cording to the resistogram. 
ClInICal CouRSE of dISEaSE
unfortunately,  this  patient  collective  is  characterized
by a high rate of relapse. Even after inguinal vessels
are  destroyed,  patients  continue  to  inject.  american
sources  report  high  amputation  rates  (>15%)  and  a
very high disease related mortality in the long-term.
(Ebright 2002).
SuRgICal SItE InfECtIonS
Since  the  implementation  of  antibiotic  prophylaxis,
the incidence of postoperative wound infections has
been steadily decreasing over the past three decades.
the overall incidence is 0,4 – 2,1 % (Manian 2003).
the Center of disease Control defined criteria for di-
agnosis  and  classification  of  surgical  site  infection.
Classification includes 1.) superficial incisional infec-
tion, 2.) deep incisional infection, and 3.) organ space
infection.
the occurrence of postoperative wound infections
depends on wound characteristics as well as additional
risk factors (see below). Patient-related and pre-/intra-
and postoperative risk factors that may influence the
risk of surgical site infections are distinguished. Statis-
tically significant patient-related risk factors include:
- age > 10 years
- aSa classification
- diabetes mellitus
- neutropenia
- dialysis patients
- malnutrition
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Fig. 2. 32 year old intravenous drug abuser;
multipe scars on the right leg; two acute in-
flammations on the left lower extremity.
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- patients infected with MRSa
these have been verified by many studies.
Preoperative risks include:
- > 2 days of preoperative hospitalization,
- incorrect antibiotic choice and application,
- wound classification according to Cruse: contami-
nated/infectious
- foreign body (implant)
- High operative risk
The most important intraoperative risk factors are:
- emergency operations
- operation length > 2 hours
- blood transfusion, hemorrhage
- intraoperative complications
- use of diathermy
- low o2
- hypothermia
- inexperienced operating team
PatHogEnS
In some uS hospitals MRSa has become the predomi-
nant  pathogen  in  surgical  site  infections  (28,5  %),
MSSa are isolated in 20 % of cases and aerobic gram
negative bacilli (Pseudomonas aeruginosa, Enterobacter
spp, Serratia spp and Proteus spp) in 21 %. In ger-
many the incidence of MRSa associated surgical site
infections is about 3-5 %. Risk factors are significantly
associated  with  age  >70  years,  duration  of  surgery 
> 4h, duration of antibiotic treatment > 1 day and the
incidence  of  MRSa  surgical  site  infections  (Manian
2003).
dIagnoSIS and tREatMEnt
these infections often present as a painful swelling of
the operative wound with erythema and elevated in-
flammatory  markers.  the  treatment  of  choice  is  to
open the wound and let it heal by secondary intention.
In all postoperative wound infections gram stains as
well as aerobic and anaerobic cultures should be ob-
tained. antibiotic therapy is only indicated in excep-
tional cases (immunosuppression, sepsis). 
ClInICal CouRSE
In the course of open treatment the wound can be
considered  free  from  relative  amount  of  bacteria
within 4-5 days. In bigger wounds (CdC type 2-3) a
VaC closure for 3 - 5 days may be helpful. delayed
primary closure may be indicated because of cosmetic
considerations.  the  treatment  of  MRSa  infected
wounds  is  the  same  as  in  infections  with  other
pathogens.
PRoPHylaxIS
following  the  basic  principles  of  operative  hygiene
and warranting antibiotic prophylaxis if indicated (see
risk  factors)  are  the  most  important  factors  for  the
prevention of surgical site infection.
dECubItal ulCER/ InfECtEd PRESSuRE ulCER
the word „decubitus“ is derived from the latin word
„decumbere“ which means „to lie down“. the term
„pressure ulcer“ commonly used in angloamerican lit-
erature emphasizes the etiology of such ulcers. 
EPIdEMIology
decubital ulcers are typical diseases of the severely ill
and occur in up to 20% of geriatric patients. due to
the better understanding of etiology and the underly-
ing risk factors, prevention has become of utmost im-
portance. thus, incidence has decreased significantly
over the past few years (norton 1989). 
EtIology
Pressure, shearing forces, friction and excess moisture
are important factors responsible for the formation of
decubital ulcers. Muscles and subcutaneous tissues are
more sensitive to pressure than the dermis. In animal
experiments, a constant pressure burden of 60 mmHg
for only 2 hours led to signs of degeneration in mus-
cle fibers. at pressures of 200 mmHg for more than
16 hours, skin necrosis developed (allmann 1989). In
areas of protruding bone structures such as the shoul-
der blade, sacrum, or trochanter major, pressures be-
tween 100-150 mmHg can manifest themselves on a
standard  mattress.  With  pressure  gradients  of  that
magnitude, the partial pressure of oxygen approaches
zero  in  the  affected  tissues.  Since  the  skin  over  the
sacrum  is  highly  immobile,  this  region  is  subject  to
high shearing forces. Without changes in position, the
body weight can lead to reduced circulation and necro-
sis in subcutaneous tissues. from the nursing perspec-
tive, it is agreed that this phase should not last more
than 2 hours. With extensive ventilation therapy in the
prone position, patients may develop decubital ulcers
over the cheek bones and shoulder joint. 
ClInICal SIgnS
Clinically,  erythema  is  present  primarily  over  bony
prominences  and  later  develops  into  desquamation
and epidermolysis. necrosis usually extends into the
subcutaneous tissues. Microinfections lead to superin-
fections of necrosis that extend into the deep layers of
muscle and the fascia of the periost. In late stages, os-
teitis can occur. In 1959, Campbell defined 7 stages of
the disease (Campbell 1959). this classification is use-
ful as it correlates with the surgical interventions that
are necessary. 
MICRobIologICal StudIES
all kind of pathogens are found in infected decubital
ulcers:  gram  positive,  gram  negative  and  especially
anaerobic bacteria (livesley 2002).
one can assume that one in 20 patients will devel-
op bacteremia and sepsis as a result of a decubital ul-
cer. In case of systemic infection, antibiotic therapy is
required based on the results of microbiological cul-
ture. 
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Strategies of prevention are a recognized standard in
patient care nowadays. Every nursing home and hospi-
tal should thus have guidelines on ulcer risk assess-
ment and prevention. Commercial pillows are available
for soft patient positioning. In high risk patients, alter-
nating  pressure  mattresses  should  be  used  or  even
laminar-flow-beds.  However,  re-positioning  of  pa-
tients on a 2-hour basis is essential in ventilated pa-
tients.  Especially  in  chronically  ill  patients  with  ad-
vanced catabolism and occlusive vessel disease of the
internal iliac arteries, decubital ulcers cannot always be
avoided. 
tHERaPy
Initially, sufficient debridement of the entire necrotic
area  should  be  performed.  after  wound  cleaning  is
complete, plastic surgery to cover skin defects can be
attempted. Several methods are available:
- transposition flap 
- fasciocutaneous flap 
- Rotation flap 
- musculocutaneous gluteal flap
dIabEtIC foot SyndRoME
dEfInItIon
the term diabetic foot syndrome is used to describe
the damage resulting from long-term diabetic illness.
Infectious complications are often present. 
EtIology
SStIs occur at all anatomic sites, but the foot is most
frequently affected in diabetic patients. the develop-
ment  of  a  diabetic  foot  syndrome  is  multifactorial.
Contributing factors include polyneuropathy and dia-
betic angiopathy with its characteristic media sclerosis.
the  degeneration  of  sensomotory  fibers  and  auto-
nomic fibers associated with diabetic neuropathy are
synergistic effects in the pathogenesis. as a result of
the neurogenic changes, the internal muscular struc-
ture statics are dysregulated and the entire motor func-
tion of the foot is disturbed (Caputo 1994).
ClInICal SIgnS
as a result of decades of damage from diabetes melli-
tus, the diabetic foot shows characteristic signs includ-
ing atrophic, scaly skin and decreased sweat secretion.
Mechanical stress causes hyperkeratosis, especially in
exposed areas in the plantar region. Changes to the in-
ternal structure of the interdigital muscles lead to a
distinctive „claw“ positioning of the toes causing dis-
proportionate strain in the plantar region and especial-
ly on the metatarsal head. In addition to bone atrophy,
the internal muscles of the foot degenerate as well.
the further clinical course is influenced essentially by
three factors:
1. mechanical stress
2. bacterial infection
3. compartment syndrome (see fig. 3)
because of the resultant foot deformation and al-
terations in weight distribution, pressure ulcers devel-
op that often remain unnoticed by the patients as a re-
sult of their diminished sensibility. bacteria can then
enter the subcutaneous tissue via small skin lesions. 
under  these  conditions  infections  develop  easily,
often reaching catastrophic proportions. the consecu-
tive increase in tissue pressure combined with a de-
crease in the partial pressure of oxygen results in a
compartment  syndrome,  which  threatens  the  vitality
of the entire extremity within a short amount of time.
(fig. 3)
dIagnoSIS
Every infection in a diabetic foot threatens the entire
extremity.  a  neurological  examination  must  be  per-
formed.  native  x-rays  of  the  foot  are  important  to
rule  out  osteitis  and  osteomyelitis.  If  angiopathy  is
suspected, angiography is indicated. 
MICRobIolgy
a standardized technique used to obtain microbiologic
cultures from sites of pedal infection is pivotal for the
accurate identification of pathogens. because 40 to 90
% of all diabetic foot infections are due to polymicro-
bial  infections  by  aerobic  and  anaerobic  organisms,
both  aerobic  and  anaerobic  cultures  should  be  ob-
tained. Cultures taken from the surface of the wound
and/or purulent exudate usually interfere with the true
pathogenic flora. the average number of isolates per
infection among patients hospitalized with pedal infec-
tion is 3 – 5. Staphylococci and streptococci are most
common, but infections due to gram negative bacilli
and/or anaerobes occur in approximately 50% of cas-
es.  Commonly  isolated  aerobic  gram  negative  bacilli
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Fig. 3. 65 year old women: insulin dependent diabetes melli-
tus for (!!!) 38 years. Inflammation and swelling of the foot.
Compartment  syndrome  with  intramuscular  pressure  of  48
mm Hg. Without immediate surgical intervention an amputa-
tion will be imperative.
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monas sp (grayson 1995).
antimicrobial-resistant  organisms,  especially 
Methicillin-resistant S.aureus (MRSa), are increasingly
isolated  in  nosocomial  infections  (anderson  2007).
Several recent reports identified MRSa as the leading
pathogen in SStIs (fridkin 2005). It also causes 20%
to  50%  of  diabetes-associated  foot  infections  in 
several  countries  and  is  associated  with  worse  out-
comes than other pathogens (nather 2008). the most
recent  data  from  Europe  could  not  confirm  these 
findings (Shaper 2010). the incidence of MRSa in
nosocomial  infections  in  Europe  is  about  15%.  In
community-acquired  infections  MRSa  incidence  is
below 5%.
tHERaPy
treatment must be adjusted according to the stage of
infection (PEdIS classification) (lipsky 2004).
1. In  case  of  microlesions  with  small  ulcerative
changes, conservative therapy including stressreduc-
tion on the foot and local treatment is indicated. 
2. In  locally  limited,  superficial  infections,  local  de-
bridement must be performed. Effective treatment
requires  sufficient  pressure  mitigation  (Hanke
2001).
3. destructive infections require treatment in an inpa-
tient  setting.  failure  to  remove  necrotic,  infected
tissue and drain purulent collections increases the
risk of amputation. the goal is to relieve the puru-
lent infection via operative debridement and to re-
move infected tissue. this is the most secure way to
prevent an imminent amputation. Especially in case
of very advanced infections, it is important to rule
out a phlegmonous infection of the plantar fascia in
the  differential  diagnosis.  In  case  of  osteitis  with
joint involvement, only a limited resection is indi-
cated. the initial debridement must be performed
independently of the status of arterial circulation
with revascularisation postponed until sepsis is con-
trolled.
further supportive surgical measures include revas-
cularization with the respective interventional catheter
methods (balloon dilation, Pta, stent) or reconstruc-
tive methods (tEa, autologous venous bypass, pros-
thetic  vessel).  operative  reconstructions  peripherally
are only successful if peripheral circulation is intact. 
In diabetic foot infections antibiotic therapy is indi-
cated  after  identification  of  the  pathogen.  Even  if
there  is  evidence  of  infection  with  predominantly
gram positive bacteria, rare resistant pathogens must
be considered, especially when the patient has already
been pretreated with antibiotics. In simple cases, oral
aminopenicillins coupled with a ʲ-lactamase inhibitor
or  a  fourth-generation  fluoroquinolone  is  recom-
mended. In moderate to severe cases, acylaminopeni-
cillins with a ʲ-lactamase inhibitor, a carbapenem or a
combination  of  clindamycin  and  a  third-generation
cephalosporin or a fourth-generation fluoroquinolon
can be implemented.
If  nosocomial  sepsis  is  suspected  and  methicillin
resistant staphylococci are a common component of
the  hospital’s  microbiologic  flora,  daptomycin  or
linezolid should be included in the empiric antibiotic
regimen.
PRognoSIS
the prognosis of diabetic foot infection is poor. 60%
of patients experience a recurrence within 5 years that
requires an amputation. the goal of all operative ther-
apy is to preserve a functional foot as long as possible.
If extensive destruction is present, an amputation is
often inevitable. 
SkIn and Soft tISSuE InfECtIonS WItH MRSa
the  incidence  of  skin  and  soft  tissue  infections  in
which MRSa (methicillin-resistent Staphylococcus  au-
reus) is involved has been steadily increasing over the
past 15 years. these wounds should be treated accord-
ing to the same open treatment principles as other in-
fected wounds. Since these infections are often super-
ficial contaminations, antibiotic therapy is not indicat-
ed.  If  systemic  infection  occurs  in  form  of  MRSa
sepsis,  antibiotic  therapy  is  indicated.  the  following
therapeutic options are available:
1. the  cyclic  lipopeptide  daptomycin  (Cubicinﾮ)  4
mg/kg (Rybak 2006).
2. the oxazolidinon linezolid (Zyvoxidﾮ) 2 x 600 mg
(lipsky 2004).
3. Combination  therapy  with  vancomycin  and  ri-
fampicin /fosfomycin
Several clinical trials have been carried out to com-
pare  linezolid  versus  vancomycin  for  MRSa  SStI
treatment. of 1077 patients randomized to receive ei-
ther linezolid or vancomycin, 1052 patients (537 in the
linezolid arm and 515 in the vancomycin arm) received
one or more doses of study drug and comprised the
intent-to-treat population. In the per-protocol popula-
tion, the rate of clinical success was similar in both
groups (P= .249). the rate of success was significantly
higher  in  linezolid-treated  patients  in  those  patients
with confirmed MRSa infection (P= .048). the au-
thors concluded that linezolid is an effective alterna-
tive to vancomycin for the treatment of SStI caused
by MRSa (Itani 2010).
Considering the current available data there is no
significant  difference  between  linezolid  and  van-
comycin in the treatment of MRSa skin and soft tis-
sue infections. a trend towards higher effectiveness of
linezolid  has  been  observed.  More  data  will  be  re-
quired  to  determine  if  linezolid  is  superior  to  van-
comycin for the treatment of MRSa SStIs (dodds
2009). the comparison between linezolid and the new
glycopeptides suggests a higher success rate for line-
zolid  (logmann  2010).  there  are  no  systematic  re-
views on the effectiveness of daptomycin.
Patients with skin and soft tissue infections with ev-
idence of MRSa contamination should be isolated ac-
cording to the hygiene standards in the respective clin-
ic.
the  essential  principle  for  the  eradication  of  an
MRSa infection is obtaining wound closure. Wound
closure is possible despite MRSa colonization as long
as the wound edges are clean. (see fig. 4 a –c)
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dEfInItIon
necrotizing fasciitis is a life-threatening soft tissue in-
fection characterized by rapidly spreading necrosis of
the fascia involved. In 1979 six diagnostic criteria were
presented by fisher (fisher 1979):
1. extensive necrosis of the fascia with extension to
the overlying skin
2. moderate  to  severe  systemic  intoxication  with  re-
duced mental status 
3. lack of primary muscle involvement
4. no evidence of clostridial infection in microbiologi-
cal culture
5. no  evidence  of  large  vessel  occlusion  as  the
causative mechanism
6. infiltration of leucocytes, local necrosis of the fas-
cia and the surrounding tissue as well as microvas-
cular thrombosis on histological examination 
EtIology
the most common mechanism of infection develop-
ment is via peripheral skin lesions that serve as entry
sites. there have, however, been cases of necrotizing
fasciitis that occurred as a result of infection with the
chicken  pox  or  vibrio  species.  guiliano  classifies
necrotizing fasciitis into two forms:
type 1: synergistic anaerobic-aerobic mixed infec-
tions (e.g. fournier’s gangrene)
type 2: necrotizing fasciitis as the result of group a
Streptococcus (gaS) infection only (bisno 1996).
In recent years there have been advances in under-
standing of gaS as pathogens in invasive infections.
gaS has the ability to invade cells and to persist intra-
cellularly. (Stevens 1999). a key discovery has been the
detection  of  gaS  pili  –like  cell  surface  structures
which  enable  cell  adherence  and  biofilm  formation.
during initial gaS proliferation upregulation of sev-
eral virulence genes takes place. In severe invasive in-
fections gaS organisms adapt to their host environ-
ment by altering their transcriptome, expressing viru-
lence factors that facilitate penetration of local tissue
barriers in order to enable vascular dissemination. fur-
ther host defence is inhibited and other molecules are
expressed to contribute to soft tissue damage (olson
2008).  the  outbreak  of  the  disease  is  promoted  by
non steroidal anti-inflammatory drugs (Veenstra 2001).
dIagnoSIS
the diagnosis of necrotizing fasciitis is clinical:
- severe pain („pain out of proportion“). Pain sub-
sides only after sensory neurons are destroyed.
- diffuse erythema
- marked edema
- livid, „map-like“ lesions with central necrosis (see
fig. 5)
- reduced mental status, disorientation, somnolence 
- lymphadenopathy is uncommon
further possible apparative diagnostics include ul-
trasound, which often shows a hypoechogenic border
around the fascial structure. native x-rays reveal gas
formation in 20-30% of patients. Edema and necrosis
zones can also be seen in Ct scans, which are, howev-
er, not indicated, as they are too time-consuming in
such cases. 
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Fig. 4a. 72 year old women with a complicated intra abdomi-
nal infection after sigmoidectomy with anastomotic insuffi-
ciency followed by a Hartmann procedure. after 4 weeks on
ICu the patient develloped a MRSa infection of the open ab-
dominal wound.
Fig. 4b. Closure of the open abdomen by a meshgraft; per-
sisting infection with MRSa for 6 month
Fig. 4c. Six weeks post reanastomosis of the colon (descendo
-rectostomy) and total closure of the abdominal wall. after
this procedure and healing of the surgical wound no MRSa
could be identified. 
a
b
c
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the  most  important  differential  diagnosis  are
clostridial  myonecrosis  (gas  gangrene),  streptococcal
myositis, and severe necrotizing erysipelas. Even when
a staphylococcal/streptococcal toxic shock syndrome
is  diagnosed,  an  accompanying  necrotizing  fasciitis
must be considered. Clinical evidence of the disease
can be confirmed via histological examination, which
shows characteristic thrombi in the vessels that supply
the fascia as well as typical fascial necrosis (fibrilloly-
sis) permeated by inflammatory cells.
tHERaPy
first-line  treatment  is  early  radical  excision  of  the
necrotic fascia. Especially for necrotizing fasciitis, the
principle  of  the  planned  re-debridement  should  be
followed.  amputation  is  rarely  necessary.  adjuvant
treatment  such  as  hyperbaric  oxygenation  has  not
proven to be effective. 
ClInICal CouRSE and PRognoSIS
the  lethality  of  the  infection  is  reported  to  be  20-
73%. the prognosis is clearly dependent on the time
between onset of infection and surgical intervention.
fouRnIER gangREnE
a special form of necrotizing fasciitis is fournier’s gan  -
grene, which was first described in 1883 by the french
Jean alfredfournier(gangr￨nefoudroyantedelaverge).
EtIology
this infection is always a polymicrobial infection that
occurs  in  preformed  fascial  compartments  of  the
pelvis, for example Colles’, dartos’ and buck’s fascia.
Causes include infections of the urogenital tract and
perineal infections. Postoperative occurrence after gy-
nacological, proctological, and urological procedures is
also  possible.  Since  women  have  the  same  fascial
structures  as  men,  women  can  also  suffer  from
fournier’s gangrene. (Herzog 1987, Eckmann 1997).
dIagnoSIS
diagnosis is based on clinical symptoms dominated by
exuberant pain. there is often a large discrepancy be-
tween  the  superficial  skin  necroses  and  the  massive
deep infection.
tHERaPy
the treatment of fournier’s gangrene is the same sur-
gical procedure as in necrotizing fasciitis. additionally
these patients should undergo laparoscopic creation of
a colostoma of the sigmoid colon in order to prevent
further spreading of infection. after localized healing
has  occurred,  plastic  reconstruction  of  the  infected
area should be attempted. (Czymek 2009).
PRognoSIS
the prognosis depends on the timing and extent of
surgical  intervention.  In  advanced  disease,  lethality
rates exceed 30%. as symptoms are often masked in
women, and diagnosis is often delayed in women, the
lethality in females is at least twice as high. 
CloStRIdIal Soft tISSuE InfECtIonS
Severe mixed infections with and without involvement
of Clostridium  perfringens leads to gas formation in
subcutaneous fat in up to 40% of cases. In most cases,
clinical  assessment  of  subcutaneous  emphysema  is
more significant than the results of x-ray imaging. of-
ten, all of these severe mixed infections are summa-
rized by the term nStI (necrotizing soft tissue infec-
tion). the surgical procedure and antibiotic regimen
are the same as for necrotizing fasciitis. 
lItERatuRE
allmann  RM  (1989)  Pressure  ulcers  among  the  elderly.  n
Engl J Med 320 (13):850-853
anderson dJ, Sexton dJ, kanafani Za, auten g, kaye kS.
Severe surgical site infection in community hospitals: epi-
demiology, key procedures, and the changing in preva-
lence of methicillin resistant Staphylococcus aureus. In-
fect Control Hosp Epidemiol 2007; 28: 1047-1053
EuRoPEan JouRnal of MEdICal RESEaRCH 552 november 30, 2010
Fig. 5. 40 year old women with encephalitis dissemina-
ta and anti tnf a therapy. after shaving of the axilla
she develloped a fulminant septic shock with Mof, due
to gaS bacteriemia. the black livid efflorescence looks
like a map showing the typical picture of necrotising
fasciitis.  the  progress  of  the  skin  alteration  occured
within 2 -3 hours.
5 Kujath##_Umbruchvorlage  23.11.10  11:51  Seite 552bisno al,. Stevens dl. Streptococcal infections of skin and
soft tissues. n Engl J Med 1996; 334 (4):240-245
breuninger H, Wienert V. acne inversea. dtsch ￄrztebl 2001;
98 a/44:2889-2892
Campbell RM. the surgical management of pressure scores.
Surg Clin north am 1959; 39:509
Caputo gM, Cavanagh PR, ulbrech JS, gibbons gE, karch-
mer aW. assessement and Management of foot disease
in Patients with diabetes. n Engl J Med 1994; 331: 854-
860
Czymek R, Schmidt a, Eckmann C, bouchard R, Wulff b,
laubert t, limmer S, bruch HP, kujath P. fournier's
gangrene:  vacuum-assisted  closure  versus  conventional
dressings. am J Surg. 2009;197:168-76.
dodds  tJ,  Hawke  CI.  linezolid  versus  vancomycin  for
MRSa skin and soft tissue infections( systematic review
and meta-analysis) anZ J Surg 2009; 79: 629-635
Ebright JR, Pieper b. Skin and soft tissue infections in injec-
tion drug users. Infect dis Clin north am 2002; 16: 697-
712
Eckmann C, kujath P, benecke P, Hustedt W-d. die nekro-
tisierende fasziitis der Vulva. geburts frauenheilkd 1997;
57:18-23
falagas ME, bliziotis Ia, kasiakou Sk, Samonis g, athanas-
sopoulou  P,  Michalopoulos  a.  outcome  of  infections
due to pandrug-resistant (PdR) gram-negative bacteria.
bMC Infect dis. 2005 apr 8;5(1):24.
fischbach Ma, Walsh Ct. antibiotics for Emerging Patho  -
gens. Science 2009; 325;1089-1093
fisher JE, Conway Ml, takeshita Rt, Sandoval MR (1979)
necrotizing fasciitis. JaMa 241:803-806
fridkin Sk, Hageman JC, Morrison M. Methicillin resistant
Staphylococcus aureus disease in three communities. n
Engl J Med 2005; 352: 1436-1444
grayson Ml. diabetic foot Infections: antimicrobial thera-
py. Infect dis Clin n am 1995; 9: 143-161
Hanke b, Harsch Ia, brock H, fischer a, Riedel C, Ewein a.
Prevention and therapy of diabetic foot syndrome. Preven-
tion complications. MMW fortschr Med 2001;143:33-34
Henriksen bM, albrektsen Sb, Simer lb, gutschik E. Soft
tissue infetions from drug abuse. a clinical and microbio-
logical review of 145 cases. acta orthop Scand 1994;65:
625-628
Herzog W .fournier-gangr￤n – auch bei frauen? Zentralbl
Chir 1987; 112:564-576
Itani  kMf,  dryden  MS,  bhattacharyya  H,  kunkel  MJ,
baruch aM, Weigelt Ja. Efficacy ansd safety of linezolid
versus vancomycin for the treatment of complicated skin
and soft-tissue infections proven to be caused by methi-
cillin-resistent  Staphylococcus  aureus.  am  J  Surg  2010;
199: 804-816 
kingston d, Seal dV (1990) Current hypotheses on synergis-
tic microbial gangrene. br J Surg 77:260-264
klevens RM, Morrison Ma, nadle J, Petit S, gershman k,
Ray S, Harrison lH, lynfield R, dumyati g, townes JM,
Craig aS, Zell ER, fosheim gE, Mcdougal lk, Carey
Rb,  fridkin  Sk;  active  bacterial  Core  surveillance
(abCs)  MRSa  Investigators.  Invasive  methicillin-resis-
tant  Staphylococcus  aureus  infections  in  the  united
States. JaMa. 2007;298(15):1763-1771
kujath P, Eckmann C, Hennings l (1999) behandlung von
Weichteilinfektionen. arzneimitteltherapie 17/8:251-255
lipsky ba, Itani k, norden C. linezolid diabetic foot In-
fections Study group. treating foot infections in diabetic
patients: a randomized, multicenter, open – label trial of
linezolid versus ampicillin – sulbactam/ amoxicillin clavu-
lanate. Clin Infect dis 2004; 38: 17-24
lipsky ba, berendt aR, deery Hg, Embil JM, JosephWS,
karchmer aW, lefrock Jl, lew dP, Mader Jt, norden
C, tan JS. diagnosis and treatment of diabetic foot infec-
tions. Clin Infect dis 2004; 39: 885-910
lipsky ba, armstrong dg, Cirtron dM, tice ad, Morgen-
stern  dE,  abramson  Ma.  Ertapenem  versus  pipera  -
cillin/tazobactam  for  diabetic  foot  infections  (SIdE-
StEP):  prospective,  randomised,  controlled,  double-
blinded multicentre trial. lancet 2005; 366: 1695-1703
lipsky ba, tabak yP, Johannes RS, Vo l, Hyde l, Weigelt
Ja. Skin and soft tissue infections in hospitalised patients
with diabetes: culture isolates and risk factors associated
with  mortality,  length  of  stay  and  cost.  diabetologica
2010; 53: 914-923
livesley nJ, Chow nW. Infected Pressure ulcers in Elderly
Individuals. CId 2002;35:1390-1396
logman JfS, Stephens J, Heeg b, Cappelleri SHJ, nathwani
d, tice a, van Hout ba. Comparative effectiveness of
antibiotics for the treatment of MRSa complicated skin
and soft tissue infections Current Medical Research and
opinion 2010; 26: 1565-1578
Mackenzie aR, laings Rb, douglas Jg, greaves M, Smith
CC.  High  prevalence  of  iliofemoral  venous  thrombosis
with severe groing infection among injecting drug users in
north  East  Scotland:  successful  use  of  low  molecular
weight heparin with antibiotics. Postgrad Med J 2000; 76:
561-565
Manian fa, Meyer Pl, Setzer J,Senkel d. Surgical Site Infec-
tions associated with Methicillin-Resistant Staphylococ-
cus aureus: do Postoperative factors Play a Role? CId
2003; 36:863-8
Markowitz n, Hansen nI, Hopewell PC, glassroth J, kvale
Pa, Mangura Pt.
Incidence of tuberculosis in the uS among HIV infected per-
sons. ann Intern Med 1997 126: 123-132
Moran gJ, krishnadasan a, gorwitz RJ, fosheim gE, Mc-
dougal lk, talan da. Methicillin – Resistant S. aureus
Infections among Patients in the Emergency department.
n Engl J Med 2006; 355: 666-674
nather a, bee CS, Huak Cy. Epidemiology of diabetic foot
problems and predictive factors of limb loss. J diabetes
Complications 2008; 22: 77-82
norton  d  Calculation  the  risk;  reflections  on  the  norton
Scale. arch Wound Care 1989;9 :38-43
olson RJ, Shelburne Sa, MusserJM. Molecular mechanisms
underlying  group  a  streptococcal  pathogenesis.  Cellular
Microbiology 2009; 11: 1-12
Rybak MJ. the efficacy and safety of daptomycin: first in a
new class of antibiotics for gram – positive bacteria. Clin
microbial Inf dis 2006; 12 (Suppl 1) 24-32
Schaper  n,  dryden  M,  kujath  P,  nathwani  d,  arvis  P,
Reimnitz P, alder J, Hampel b, gyssens IC. Moxifloxacin
in the treatment of diabetic foot infections: results of the
RElIEf study. Poster ECCMId 2010
Slade dEM, Powell bW, Mortimer PS. Hidradenitis suppura-
tiva: pathogenesis and management brit ass Plast Surg
2003; 56: 451-461
Stevens dl. the flesh-eating bacterium: what’s next? J Infect
dis. 1999; 179 Suppl 2:S366-74
Veenstra  RP,  Manson  WE,  van  der  Werf  tS,  fijen  JW,
tulleken JE, Zijlstra Jg, ligtenberg JJ. fluminant necro-
tizing fasciitis and nonsteroidal antiflammatory drugs. In-
tensive Care Med. 2001 nov; 27(11):1831
Received: October 19, 2010 / Accepted: November 15, 2010
Address for correspondence:
Prof. dr. P. kujath
Ratzeburger allee 160
23538 l￼beck
germany
tel.: +49(0)451/500-2011
fax: +49(0)451/500-5116
E-mail: peter.kujath@chirurgie.uni-luebeck.de
EuRoPEan JouRnal of MEdICal RESEaRCH november 30, 2010 8, 2010 553
5 Kujath##_Umbruchvorlage  23.11.10  11:51  Seite 553